The solid state reaction Mo03 + SrC03SrMo04 + C02 has been studied on mixtures of powdered reagents.
Solid state reactions of the type A + B ->• C + D(gas) have been scarcely studied. In particular, very few investigations have been carried out in order to determine the mechanism by which they are governed. On the other hand, these reactions could be very interesting in the production of ferrites, titanates, molybdates and so on, which are very important products in modern electronic devices.
This work, which is a part of a systematic research in progress in our institute, reports the results obtained for the reaction
MO03 + SrC03
SrMo04 + C02 .
The kinetics of the process have been investigated isothermally using thermogravimetric analysis between 412° and 498 °C, on Mo03-SrC03 mixtures with 1:1, 1:3, 1:6 molecular ratios. Measurements have been done at a pressure of 1 atmosphere in air and in the case of the 1:6 mixture also in oxygen and in nitrogen (PO2<10-2 mm Hg).
Moreover, to obtain information on the reaction mechanism, electrical conductivity measurements and observations through a microscope have also been carried out.
The same reaction has been recently analyzed by ZHUKOVSKII et al. 1 : these authors, however, have particularly examined the 1 : 1 mixture. It is well known from literature that Mo03 has a tendency to sublime and SrC03 to decompose much below their melting points. The temperature values reported for both phenomena, however, are in considerable disagreement 3 . Thus, it has been necessary to determine the thermal stability limit of the two compounds in order to be sure that, in the experimental temperature range of the reaction, Mo03 would be exclusively in the solid phase and that C02 would evolve only by the interaction between Mo03 and SrC03 .
TG measurements (sensitivity 5 inch/mg; heating rate 3°/min) gave the following information: Mo03 begins to sublime at 500 °C in air and at 480 °C in nitrogen; SrC03 begins to decompose at 800 °C in air and at 690 °C in nitrogen.
The electrical conductivity o (ß -1 cm -1 ) has been measured on Mo03 pellets pressed at 10 3 kg/cm 2 and then sintered in oxygen atmosphere. It can be observed that a) in oxygen, the conductivity is practically constant; b) in air, the conductivity is initially higher than in oxygen and decreases progressively with time, reaching the oxygen value; c) in nitrogen, the conductivity is even higher than in air and remains constant at that value. Analogous phenomena have been interpreted by DEB and CHOPOORIAN 4 in terms of colour centre formation due to the presence of Mo 5+ ions and free electrons trapped in oxygen ion vacancies. These colour centres would be constantly present in the inert atmosphere, while in air they would disappear after prolonged heating.
Optical observations have been carried out by following at 450 °C, the reaction between a large size 100 /u) particle of Mo03 , obtained by sublimation, and an environment of finely powdered 2 /u) SrC03 .
The reaction mixtures, used for thermogravimetric measurements, have been prepared with Mo03 and
SrC03 particles having an average size of 9 /x (specific surface 0.89 m 2 /g) and 2 ^ (specific surface 1.32 m 2 /g) respectively. These mixtures yielded, as the only solid product of the reaction, the normal molybdate in stoichiometric quantity. Many equations have been suggested to interpret the kinetics of solid state reactions, some valid for processes governed by nucleation and by progression of the reaction interface 5 , others valid for processes governed by diffusion 6 . Among the latter, the most frequently used and versatile equation is that proposed by GINSTLING and BROUNSHTEIN 7 :
Results and Discussion
where K is a constant dependent on temperature (for its meaning see the original work).
The solid lines in Fig. 2 are calculated 8 according to (1) . As it can be noted, on going from 1:1 to 1:3 to 1:6 mixtures, the coincidence of the calculated curves with the experimental data improves. Moreover, it has been found that the reaction rate for the 1:6 mixture is ten times that of the 1:1 mixture. The results reported so far confirm a diffusion controlled mechanism but do not indicate the nature of the diffusing species. Different authors 9 who studied the reaction between Mo03 and alkaline-earth carbonates state that Mo03 is the component responsible for the diffusion. Our optical observations, following the already described procedures, are in agreement with these conclusions. Since in the experimental temperature range Mo03 does not sublime, molybdenum may diffuse as Mo 6+ ion through the product layer.
Because of the relatively large size of the O 2-ion and the particular structure of Mo03 10 , it is likely that oxygen is transported through the vapour phase. This hypothesis seems to be confirmed by the measurements
